MICRON.091A PATENT 

SYSTEM AND METHOD FOR ANALYZING 
A SEMICONDUCTOR SURFACE 

Background of the Invention 

Field of the Invention 

This invention relates to analyzing a semiconductor surface. In particular, the 
invention relates to analyzing an isolated area on a wafer surface. 
Background 

There are many methods for obtaining samples from the surfaces of wafers for 
determination of surface contamination and bulk analysis. One common technique for 
„ determining surface contamination is vapor phase deposition (VPD). In this method, an 
J? etchant such as hydrofluoric acid is vaporized, and the surface of the wafer is exposed to the 
Cfi vapor. The etchant vapor forms a fog on the surface. 

Zl A droplet of deionized water with a low concentration of hydrofluoric acid and 

hi optionally hydrogen peroxide is then placed on the surface of the wafer, and a robot tilts the 
- wafer so that the droplet rolls across the surface, gathering up the etchant fog with the 
m dissolved contaminants. The droplet and dissolved contaminants are analyzed by appropriate 
analytical methods such as with a spectrometer. The concentration of contaminants per unit 
O surface area of wafer is calculated as the total quantity of contaminant in the droplet divided 

Lb 

by the total surface area of the wafer. This sampling method therefore cannot be used to 
obtain spatial information on the contaminant levels as a function of position on the wafer. 
Rather, the total contaminant level on the entire surface is obtained. 

Bulk analyses of the composition of wafers have also been obtained by dipping the 
wafer into an etchant to dissolve a portion of the wafer and analyzing the constituents in the 
etchant. The wafer is weighed before and after dipping in the etchant solution to determine 
how much of the wafer dissolved. The bulk analysis is assumed to be the weight of each 
constituent in the etchant solution divided by the weight of the wafer which dissolved. The 
bulk analysis by this technique is often imprecise. Further, the composition of the wafer as a 
function of the position on the wafer cannot be determined by this sampling method. 



It is possible to etch a wafer as a function of position as disclosed by U.S. Patent 
No. 5,271,798. However such an approach does not appear to analyze the wafer composition 
as a function of position. 

Summary of the Invention 

The invention obtains a sample from a localized section of a wafer. A sampling 
apparatus isolates a section of the wafer and then dispenses liquid onto the isolated section. 
After the liquid has dissolved elements of interest in or on the wafer, a sample of the liquid is 
transferred to an analyzer. The liquid can be an etching solution, an organic solvent, or other 
suitable solvent. An analysis of the wafer can thus be obtained as a function of position on 
the wafer. Furthermore, an analysis of the materials located at different depths within the 
wafer can be obtained. 

One embodiment of the invention relates to a method for sampling and analyzing a 
selected portion of a semiconductor wafer. The method comprises isolating a portion of a 
wafer, and dispensing a liquid onto the isolated portion of the wafer. The method also 
comprises removing at least a portion of the liquid and analyzing the liquid. 

Another embodiment of the invention relates to a method for selectively analyzing a 
wafer surface. The method comprises obtaining a sample from an isolated portion of a wafer 
and analyzing the sample. An additional embodiment of the invention relates to a method for 
evaluating a selected section of a wafer. The method comprises dispensing a liquid onto a 
selected section of a wafer and pumping or moving a portion of the liquid from the selected 
section of the wafer. 

Another embodiment of the invention relates to a method for analyzing a material 
selectively removed from a portion of a wafer. The method comprises forming a seal 
between a portion of a sampling apparatus and a portion of a wafer, thereby isolating a 
portion of the wafer. The method also comprises dispensing a liquid onto the isolated 
portion of the wafer, and removing part of the liquid from the isolated area to form a sample. 
The method further comprises analyzing the sample. 

An additional embodiment relates to a method for evaluating an isolated section of a 
wafer. The method comprises dispensing an etchant onto an isolated section of a wafer and 
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transferring a portion of the etchant from the isolated section of the wafer. The method also 
comprises analyzing the etchant as a function of time. 

One aspect of the invention relates to a sampling apparatus for selectively evaluating 
portions of a wafer. The apparatus comprises a first tube that is configured to isolate a 
portion of a wafer. The apparatus also comprises a second tube that is configured to dispense 
a liquid onto the isolated portion of the wafer. The apparatus further comprises transfer 
tubing that is configured to transfer a portion of the liquid to an analyzer. 

Another aspect of the invention relates to a test system that evaluates isolated portions 
of a semiconductor wafer. The test system comprises a sampling apparatus that is configured 
to dispense a liquid onto an isolated section of a wafer. The sampling apparatus comprises 
an outer tube that forms a seal between the outer tube and the isolated section of the wafer. 
The sampling apparatus also comprises an inner tube within the outer tube. The inner tube is 
configured to dispense a liquid within the isolated section of the wafer. 

The testing system also comprises transfer tubing comprising a first end and a second 
end. The first end is connected to the outer tube of the sampling apparatus and the second 
end is connected to an analysis system. The transfer tubing further comprises a flexible outer 
surface wherein the transfer tubing is configured to transfer a portion of the liquid from the 
sampling apparatus to an analysis system. 

The testing system further comprises a peristaltic pump or other pumping or liquid 
transfer system in communication with a portion of the flexible outer surface of the transfer 
tubing. The peristaltic pump is configured to direct the liquid in the transfer tubing to the 
analysis system. 

Another embodiment of the invention relates to a semiconductor testing apparatus. 
The semiconductor testing apparatus comprises a sampling apparatus that is configured to 
dispense a liquid onto an isolated section of a wafer. The semiconductor testing apparatus 
further comprises transfer tubing that is in communication with the sampling apparatus. The 
transfer tubing is configured to transfer a portion of the liquid from the sampling apparatus. 
The semiconductor testing apparatus also comprises a peristaltic pump or other pumping or 
liquid transfer system that is in communication with the transfer tubing. The peristaltic 
pump is configured to direct the liquid in the transfer tubing to an analyzer. 
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An additional embodiment of the invention relates to a semiconductor testing 
apparatus. The semiconductor testing apparatus comprises a first means for isolating a 
portion of a wafer. The first means also dispenses a liquid onto the isolated portion of the 
wafer. The semiconductor testing apparatus further comprises a second means in 
communication with the first means. The second means transfers a portion of the liquid to an 
analysis system. The semiconductor testing apparatus also comprises a third means for 
transferring the liquid through the second means. 

For the purposes of summarizing the invention, certain aspects, advantages and novel 
features of the invention have been described herein. It is to be understood that not 
necessarily all such advantages may be achieved in accordance with any particular 
embodiment of the invention. Thus, the invention may be embodied or carried out in a 
manner that achieves or optimizes one advantage or group of advantages as taught herein 
without necessarily achieving other advantages as may be taught or suggested herein. 

Brief Description of the Drawings 

FIGURE 1 is a block diagram of the major aspects of one embodiment of the 
invention. 

FIGURE 2 is a schematic drawing of an apparatus for obtaining a sample according to 
one embodiment of the invention. 

FIGURE 3 is a schematic drawing showing additional embodiments of the apparatus 
of FIGURE 2 including a method of analyzing the sample. 

FIGURE 4 is a flow chart of a manner of obtaining and analyzing a sample according 
to an embodiment of the invention. 

Detailed Description of the Preferred Embodiment 

While illustrated in the context of obtaining and analyzing a sample of a wafer as a 
function of position, the skilled artisan will find application for the embodiments disclosed 
herein in a wide variety of contexts. For example, the disclosed embodiments have utility in 
sampling and analyzing a wide range of solid materials in addition to wafers, as will become 
apparent through the examples disclosed herein. 

FIGURE 1 illustrates k block diagram of an embodiment of the invention. A 
sampling apparatus 2 obtains a sample from the surface of a wafer (not shown). The manner 
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of obtaining the sample is an aspect of the invention and will be described in further detail 
below. The sample is then transferred to a nebulizer 4 for processing prior to analyzing in an 
analyzer 6. The manner of transferring the sample to the nebulizer 4 is another aspect of the 
invention and will be described in further detail below. 

FIGURE 2 shows an apparatus for obtaining a sample with one embodiment of the 
invention. The sampling apparatus 2 obtains a sample from a wafer 30. The sampling 
apparatus 2 comprises an outer tube 14 and a concentric inner tube 18. The concentric inner 
tube 18 is sealed to the outer tube 14 with a top seal 22. The bottom ends of the outer and 
inner tubes 14 and 18 are open. A base 26 of the sampling apparatus 2 is placed into contact 
with a wafer 30 so that the base 26 forms a seal with the wafer 30. 

Although the invention is described with a wafer 30 as an example of a solid to be 
sampled, the invention is applicable to any soluble solid, any solid with a soluble component, 
or any solid comprising a soluble contaminant. 

A liquid 34 is introduced into the inner tube 18. The liquid 34 travels through the 
inner tube 18 and contacts a wafer surface 36 below the end of the inner tube 18. After the 
liquid 34 contacts the wafer surface 36, it dissolves inorganic and/or organic materials on the 
wafer surface 36, a portion of the wafer 30, or both, depending on the liquid 34 which is 
used. The liquid 34 is chosen so that the compounds of interest dissolve in the liquid 34. 

Because the base 26 forms a seal with the wafer 30, only the portion of the wafer 30 
which is covered by the inside diameter of the outer tube 14 is accessible to the liquid 34. 
Therefore, a portion of the wafer 30 or contaminants within the perimeter of the outer tube 
14 can dissolve in the liquid 34 to form a sample. The portion of the wafer 30 covered by the 
inside diameter of the outer tube 14 is isolated from the remainder of the wafer 30 by the seal 
formed between the base 26 and the wafer 30. Such sampling allows a localized sample to 
be obtained, rather than obtaining a single sample from the entire surface of the wafer 30. 

An outlet tube 40 is attached to the outer tube 14. Although the outlet tube 40 is 
normally attached to the side of the outer tube 14, as shown, for example, in FIGURE 2, 
other configurations are possible. The outlet tube 40 leads to a transport system 38. The 
liquid 34 is removed from the wafer surface 36 through the outlet tube 40 by the transport 
system 38. 
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FIGURE 3 illustrates one embodiment of the invention, where the liquid 34 which 
was removed from the wafer surface 36 by the transport system continues through the outlet 
tube 40 to the nebulizer 4, where it is mixed with a gas 48 and is analyzed by the analyzer 6. 
~~ ^ The liquid 34 may be an inorganic solvent such as water, an organic solvent, a 
chemical etchant, or other suitable liquid. The liquid 34 is chosen to dissolve the materials or 
compounds of interest. Various embodiments of the invention and the types of liquids 34 
which are suitable for use in the invention are described below. Other embodiments will be 
clear to one skilled in the art, and the invention is not meant to be limited to the embodiments 
discussed below. 

In one embodiment, the liquid 34 is an etching solution that dissolves a portion of the 
wafer 30. If the contaminants on the surface of the wafer 30 or in the portion of the wafer 30 
are soluble in the etching solution, the contaminants also dissolve. Analyzing the liquid 34 
therefore provides an analysis of the dissolved portion of the wafer 30 and any dissolved 
impurities. 

In another embodiment, the liquid 34 is an organic solvent. When an organic solvent 
is used as the liquid 34, organic compounds on the surface of the wafer 30 dissolve in the 
organic solvent. Analyzing the organic solution comprising the organic solvent and 
dissolved organic compounds in the analyzer 6 provides an analysis of the organic 
compounds on the surface of the wafer 30 or the organic solid wafer 30 in the isolated 
portion of the wafer 30. 

In another embodiment, the liquid 34 of the invention is an etching solution 
comprising aqueous hydrofluoric acid. In another embodiment, the etching solution further 
comprises aqueous hydrogen peroxide. In one embodiment, the etching solution comprises 
H 2 0 : HF : H 2 0 2 in a weight ratio of between 99.6 : 0.1 : 0.3 and 96.0 : 1.0 : 3.0. An 
exemplary etching solution comprises H 2 0 : HF : H 2 0 2 in a weight ratio of 1 00 : 1 : 1 . 

The exemplary etching solution has been found to dissolve a wider range of materials 
than the prior art etching solutions and can therefore be used to obtain a more complete 
analysis of a material and impurities in the material than previous etching solutions. For 
example, when doing bulk analysis of a bare wafer 30, the H 2 0:HF:H 2 0 2 etching solution 
dissolves both the wafer 30 and hard-to-analyze impurities such as copper metal. The 
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hydrogen peroxide in the etching solution oxidizes the copper so that it is soluble in the 
solution to be analyzed. 

The materials of construction of the sampling apparatus 2 may vary, depending on the 
liquid 34. For example, if the liquid 34 is an etching solution, especially an etching solution 
containing hydrofluoric acid, the inner tube 18 and outer tube 14 of the sampling apparatus 2 
are made of an inert material such as polytetrafluoroethylene (PTFE), sold under the 
tradename TEFLON®. The skilled artisan, however, will realize that a wide range of 
materials such as Pertourar Alkoxy (PFA) tubing, TYGON® tubing and the like may be 
used. 

The diameters of the inner tube 18 and the outer tube 14 can vary, depending on the 
application. When obtaining spatial information over the surface of the wafer 30, it is 
desirable that the inner tube 18 be small, so that the portion of the wafer surface 36 which is 
exposed to the liquid 34 is small. In one embodiment of the sampling apparatus 2, the inner 
tube 18 has an inner diameter of 150 |im, the outer tube 14 has an inner diameter of 2 mm, 
and the wall thickness of the outer tube 14 is about 2 mm. 

There is a balance in choosing the size of the outer tube 14. For example, if a small 
outer tube 14 is chosen, the sensitivity of the method decreases, because the area of the wafer 
30 which is sampled is small, thus forming a small sample for analysis in the analyzer 6. 
However, a smaller outer tube 14 gives better spatial resolution across the surface of the 
wafer 30. 

In one embodiment, the outlet tube 40 is made of an inert material such as TEFLON® 
or TYGON®. If the outlet tube 40 is made of an inert material, the liquid 34 and the 
materials dissolved in the liquid 34 are unlikely to change in composition during the 
pumping process. The sample which is analyzed in the analyzer 6 is therefore likely to be 
representative of the sample which was obtained from the isolated section of the wafer 30. 

The transport system 38 which withdraws the liquid 34 from the wafer surface 36 can 
be a pump, for example a liquid pump or a vacuum pump. If the transport system 38 is a 
liquid pump, the liquid 34 builds up inside the outer tube 14 until it overflows into the outlet 
tube 40. The liquid 34 which overflows into the outlet tube 40 is pumpe,d by the transport 
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system 38 including the liquid pump into the nebulizer 4, where the liquid 34 is mixed with 
the gas 48 before being analyzed in the analyzer 6. 

Peristaltic pumps are exemplary liquid pumps. Peristaltic pumps operate by 
squeezing the outlet tube 40 with rollers, thereby pushing the liquid 34 through the outlet 
tube 40. The outlet tube 40 can therefore be made of a flexible material such as a flexible 
plastic, when a peristaltic pump is used as the transport system 38. In another embodiment, 
the outlet tube 40 is connected to a flexible tube. When a peristaltic pump is used as the 
transport system 38, the liquid 34 remains within the outlet tube 40 until the liquid 34 enters 
the nebulizer 4. Thus, the liquid 34 does not contact materials such as rubber or reactive 
metals which could either absorb or react with the liquid 34 or the dissolved components in 
the liquid 34. Use of an inert material for the outlet tube 40 in combination with a peristaltic 
pump as the pump transport system therefore minimizes the interactions of the liquid 34 with 
other materials of construction. Suitable peristaltic pumps are sold, for example, by Simon. 

A vacuum pump is an alternative embodiment of the transport system 38. If a 
vacuum pump is used as the transport system 38, the liquid 34 is removed from the wafer 
surface 36 by suction. Removing the liquid 34 by suction can volatilize either the liquid 34 
or components dissolved in the liquid 34. 

The nebulizer 4 is an optional portion of the apparatus. Some analyzers 6 such as an 
inductively coupled plasma mass spectrometer are typically coupled to the nebulizer 4. 
Other analyzers 6, however, may not require the nebulizer 4. In one embodiment, the 
nebulizer 4 is manufactured by Precision Glass. In this embodiment, the nebulizer 4 mixes 
argon gas with the sample liquid 34 to better retain the integrity of the droplets in the aerosol. 
The invention, however, is not limited to a particular type of nebulizer 4 and thus a variety of 
nebulizers 4 from a variety of manufactures can be used. For example, the nebulizer 4 can 
include quartz concentric, v-groove, plastic concentric, cross flow, high energy efficient, 
micro, pneumatic spray, thermospray, jet-impact, glass frit, and ultrasonic nebulizers. These 
are commercially available from manufactures such as Glass Expansion, Meinhardt, and 
Precision Glass. 

The analyzer 6 can be any suitable analytical instrument for performing an analytical 
method. The analytical methods performed by the analyzer 6 can include, but are not limited 
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to, X-Ray Fluorescence (XRF), Secondary Ion Mass Spectroscopy (SIMS), Ion 
Chromatography (IC), Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS), 
Inductively Coupled Plasma-Optical Emissions Spectroscopy (ICP-OES), infrared analysis, 
chemical analysis, or other suitable spectroscopic methods. In some of the analytical 
methods, such as XRF or infrared spectroscopy, it is necessary to create a dry residue from 
the sample before performing the analysis. 

FIGURE 4 shows a flow chart of the invention. In block 50, a portion of the wafer 30 
is isolated. In block 60, the liquid 34 is dispensed onto the wafer surface 36. In block 70, a 
portion of the liquid 34 is removed with the transport system 38. In block 80, the liquid 34 is 
analyzed in the analyzer 6. Because the liquid 34 was confined to the isolated portion of the 
wafer 30, the analysis of the liquid 34 is representative of the isolated portion of the wafer 
30. 

The following examples describe various embodiments of the manner of sampling 
and analyzing with the invention. The examples are not meant to be limiting to the invention 
but simply illustrate aspects of the invention. 

A wafer 30 comprising BPSG (borophosphosilicate glass) is analyzed. In block 50, 
the sampling apparatus 2 is placed on the surface of the wafer 30. The base 26 forms a seal 
with the BPSG wafer 30 thereby isolating a portion of the wafer. 

Proceeding to block 60, the sampling apparatus 2 dispenses aqueous hydrofluoric acid 
having a concentration of 0.1 to 5 percentage of volume is introduced into the inner tube 18 
as the liquid 34. The aqueous hydrofluoric acid flows through the inner tube 18 and contacts 
the wafer surface 36. The aqueous hydrofluoric acid spreads across the wafer surface 36 but 
is confined to the area of the wafer 30 which is isolated by the inner perimeter of the outer 
tube 14. The aqueous hydrofluoric acid dissolves BPSG on the isolated portion of the wafer 
surface 36. 

Proceeding to block 70, the aqueous hydrofluoric acid and dissolved BPSG build up 
in the outer tube 14. The peristaltic pump as the transport system 38 directs the liquid 34 and 
dissolved BPSG through the outlet tube 40 into the nebulizer 4. Proceeding to block 80, the 
nebulizer 4 mixes the aqueous hydrofluoric acid and dissolved BPSG with argon gas. The 
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nebulizer then forwards this mixture to the analyzer 6. In this example, the analyzer 6 is an 
inductively coupled plasma mass spectrometer. 

In another example, spatial information on the composition of the wafer 30 is 
obtained by moving the sampling apparatus 2 from one portion of the wafer 30 to another. 
Only the portion of the wafer 30 covered by the inside diameter of the sampling apparatus 2 
is sampled. By moving the sampling apparatus 2 around the wafer 30 and repeating the steps 
of the method of FIGURE 4, analyses of localized samples as a function of position on the 
wafer 30 are obtained. 

In another example, analyses as a function of depth on the wafer 30 are obtained. In 
block 50, the sampling apparatus 2 is placed on a portion of the wafer 30 and a portion of the 
wafer 30 is isolated. Proceeding to block 60, the liquid 34 is dispensed onto the wafer 30. 
Proceeding to block 70, the liquid 34 is removed from the wafer surface 36 and analyzed as a 
function of time in block 80. The longer the sampling is performed, the greater the amount 
of etching. By doing analyses of the wafer 30 as a function of time and determining the rate 
at which the hole is formed by dissolution of the wafer 30 in the liquid 34, an analysis of the 
wafer 30 as a function of depth is obtained. In one embodiment, the analyses are performed 
by an ICP-OES. A graph of the analysis as a function of time/depth can therefore be 
obtained. 

The invention, therefore, provides a manner of obtaining a well-defined sample from 
an isolated section of a wafer 30 or other soluble solid by exposing the isolated section to a 
liquid 34. The liquid 34 dissolves a portion of the wafer 30, a contaminant, or both. The 
sample or a portion of the sample is removed from the wafer 30 with a transport system 38. 
Using a peristaltic pump as the transport system 38 minimizes the changes in composition of 
the sample during the transfer. The peristaltic pump also facilitates transfer of the sample to 
the analyzer 6, where the sample is analyzed. Furthermore, analyses of wafers 30 and other 
solids can be obtained through embodiments of the invention as a function of position on the 
wafer and/or as a function of depth. 

Although the foregoing invention has been described in terms of certain preferred 
embodiments, other embodiments will be apparent to those of ordinary skill in the art. 
Additionally, other combinations, omissions, substitutions and modification will be apparent 
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to the skilled artisan, in view of the disclosure herein. Accordingly, the present invention is 
not intended to be limited by the recitation of the preferred embodiments, but is instead to be 
defined by reference to the appended claims. 
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